The present study estimated the dietary intake of seven B vitamins using a total diet study (TDS) in Japan. The daily intake of vitamins estimated by TDS was calculated based on the mean contents of vitamins in 18 food groups, and the amount of food intake in the Nation Health and Nutrition Survey in Japan, 2006. The estimated daily intake of these vitamins for all ages was 22.8 mg NE/d for niacin, 7.4 g/d for vitamin B 12 , 146 g/d for folic acid, 4.52 mg/d for pantothenic acid, 1.06 mg/d for riboflavin, and 1.44 mg/d for pyridoxine. The estimated daily intake of the vitamins of niacin, vitamin B 12 and pyridoxine exceeded the dietary reference values for adults aged 18-29 y. The estimated daily intake of these vitamins by TDS was higher than the daily intake reported in the National Health and Nutrition Survey in Japan, 2006. There was a strongly positive correlation between the intake levels estimated by TDS and those reported in the National Health and Nutrition Survey. This suggests that TDS is an effective dietary survey for estimating the dietary intake of water-soluble vitamins. Therefore, when being determined by TDS, the estimated daily intake of biotin was 51.0 g/d for all ages.
There is a close relationship between food and health. Recently, with the westernization of the diet in Japan, mortality caused by "life-style related diseases" such as cancer, cardiovascular disease and diabetes has increased. As a main cause of these diseases, a dietary habit is one of the critical factors. In other words, improving our dietary habits may prevent many of these life-style related diseases. Therefore, it is important to correctly evaluate our dietary habits using dietary assessment methods.
There are many kinds of dietary methods for assessment of the nutritional status of a community, such as dietary records, 24-h dietary recalls, duplicate meals, dietary biomarkers and food frequency questionnaires (FFQs). These methods are applied according to their individual characteristics. For example, the dietary records, 24-h dietary recalls and FFQs are used for the calculation of nutrient intakes, based upon nutrient contents listed in the Standard Tables of Food Composition in Japan (Food Composition Tables) ( 1 ) . Regarding the nutrients such as biotin, which is not listed in Food Composition Tables, the amounts of nutrients actually contained in food are determined by the duplicate meals or total diet study (TDS) and dietary intakes of the nutrients are calculated.
The TDS has been an important part of the Food and Drug Administration's (FDA) program for monitoring pesticide residues, chemical contaminants and radionuclides as well as playing a part in the National Nutrition Monitoring System for assessing nutrient intakes. The Ministry of Education, Culture, Sports, Science and Technology in Japan also conducts a study to estimate the intake of chemical substances added to and/or contaminating food, such as residual pesticides, in daily life. Although TDS also seems to be suitable for evaluating the intake of micronutrients such as vitamins and minerals, there have only been a few reports estimating the intake of micronutrients by TDS (2) (3) (4) (5) (6) (7) (8) (9) . Since the food samples for analysis are mixed and homogenized by food groups as the main characteristics of TDS, the number of foods needed for analysis is less than that in the dietary methods in which each type of food is analyzed separately. Furthermore, it is also pointed out that the amount of nutrient intake is closer to the actual values obtained from eating foods because foods are analyzed through the process of cooking according to how the foods are eaten. The classification of "13 food groups" has been used for measurements in TDS in Japan ( 7 , 8 ) . However, in this study, we classified foods into "18 food groups" in accordance with the classification method used in "The National Health and Nutrient Survey in Japan" ( 10 ) . The findings obtained by this TDS can be easily compared with those reported in the National Health and Nutrient Sur-vey in Japan. This study estimated the intake of the seven B vitamins by using TDS (18 food groups) in Japan. As the dietary intake of biotin in particular cannot be calculated by conventional dietary methods, there are few reports about the evaluation of the dietary intake of biotin. Therefore, the dietary intake of biotin was estimated in detail by related factors such as by sex and age.
MATERIALS AND METHODS

Preparation of samples.
In this study, the food groups classification system used in the National Health and Nutrition Survey in Japan was applied ( 10 ) . In this system, 1,878 foods are divided into 18 food groups, including one food group of prepared foods, as a large class and 98 food groups as a small class. We selected two kinds of food that are considered to be "core," that is, representative in each of the 98 food groups. These foods were purchased from grocery stores in Himeji, Japan, and foods for a 5-d intake were weighed out, based on the amounts of food intake shown in the National Health and Nutrition Survey in Japan, 2006 ( 10 ) . According to the food types, some foods were left raw and other foods were cooked by boiling, roasting or frying. These prepared foods were mixed together into each of the 18 food groups, homogenized and used as food samples for the analyses of vitamins.
Pretreatment of samples and determination of vitamins. The pretreatment of food samples was done according to the technical manual for the analysis of food composition. The seven B vitamins of niacin, vitamin B 12 , folic acid, pantothenic acid, riboflavin, pyridoxine and biotin, which are stable in foods and are possible to be determined by microbiological assay or HPLC, were determined in this study, as follows:
Niacin: Food samples were hydrolyzed with H 2 SO 4 by autoclaving at 121˚C for 30 min and neutralized with NaOH. The niacin content of foods was measured by a microbiological assay using Lactobacillus plantarum ATCC 8014 ( 11 ) . The niacin content of foods was given as mgNE/100 g. The content of niacin in 18 food groups was represented as the means in Table 1 .
Vitamin B 12 : The determination of vitamin B 12 (cyanocobalamin) in foods was assayed by a microbiological method using Lactobacillus delbrueckii subsp . lactis NBRC 3376 ( 12 , 13 ) . Furthermore, alkali resistance factors were also determined in food samples.
Folic acid: Food samples were treated with three enzymes, protease, ␣ -amylase and conjugase. The determination of folic acid in foods was performed by a microbiological assay using Lactobacillus rhamnosus NBRC 3425 ( 14 , 15 ) .
Pantothenic acid: The determination of pantothenic acid in food samples was conducted by a microbiological assay using Lactobacillus plantaurum ATCC 8014 ( 16 ) .
Riboflavin: Food samples were treated with hydrochloric acid and decomposed enzymatically by Takadiastase B. The riboflavin content of the prepared samples was measured by HPLC ( 17 , 18 ).
Pyridoxine: The determination of pyridoxine in food samples was performed by a microbiological assay using Saccharomyces cerevisiae ATCC 9080 ( 19 ) .
Biotin: Each food sample was hydrolyzed with 4.5 N H 2 SO 4 by autoclaving at 121˚C for 1 h and then neutralized with 4.5 N NaOH. Biotin contents were measured by a microbiological assay using Lactobacillus plantarum ATCC 8014 ( 20 , 21 ) . After culturing at 37˚C for 18 h, the determination of biotin was performed with the microplate reader from Biorad Co., Ltd., Tokyo at O.D. 610 nm. The biotin content of foods was given as g/100 g. The content of biotin in 18 food groups was represented as the means in Table 2 .
Comparative analysis. The estimated daily intake of vitamins calculated by TDS was compared with those of the National Health and Nutrition Survey in Japan, 2006, and the recommended dietary allowance (RDA) and the adequate intake (AI) recommended in Dietary Reference Intakes for Japanese-2010 edition-(DRI for Japanese, 2010) ( 22 ) . Regarding vitamins other than biotin, the relationship between daily intake estimated by TDS and the daily intake reported by the National Health and Nutrition Survey in Japan, 2006, was examined to determine the reliability of the estimated daily intakes calculated by TDS.
Statistical analysis. For statistical evaluation, Spearman's rank correlation coefficient test was used to analyze the relationship between the estimated daily intake by TDS and the daily intake by the National Health and Nutrition Survey in Japan, 2006. Differences of p Ͻ 0.01 were considered significant.
RESULTS
The daily intake of vitamins estimated by TDS was based on the amount of food intake in the National Health and Nutrition Survey in Japan, 2006, and the mean contents of vitamins in 18 food groups ( Table 1) . The niacin contents in meats, fishes and shellfishes and mushrooms ranged from 6.2-9.1 mg NE/100 g. The estimated daily intake of niacin was 22.8 mg NE/d for all ages and 23.3 mg NE/d for adults aged 20 y and older (the following is the same). The niacin intake from meats was 7.3 mg NE/d, which accounted for 32.1% of the total intake, and that from fishes was 6.1 mg NE/d, accounting for 26.7%.
As for vitamin B 12 , the content in fishes and shellfishes was 6.2 g/100 g, which was the highest in 18 food groups. The estimated daily intake of vitamin B 12 was 7.39 g/d and 7.63 g/d. The vitamin B 12 intake from fishes was 5.0 g/d, which accounted for 67.7% of the total intake. This was more than half of the daily intake. The meats showed 1.4 g/d and accounted for 18.6% of the daily intake.
Foods containing high contents of folic acid were 46.6 g/100 g for nuts and seeds, 21.7 g/100 g for pulses and 20.3 g/100 g for eggs. The estimated daily intake of folic acid showed 145.5 g/d and 150.7 g/d. The folic acid intake from vegetables was 36.0 g/d and accounted for 25.1% of daily intake. Furthermore, the folic acid intake from cereals was 19.2 g/d and The riboflavin content of nuts and seeds was 0.57 mg/100 g, and that of eggs was 0.38 mg/100 g. The estimated daily intake of riboflavin was 1.06 mg/d both for all age groups and for adults aged 20 y and older. The riboflavin intake from meats was 0.16 mg/d and accounted for 15.2% of he total intake. Milks and eggs showed values of 0.18 mg/d and 0.14 mg/d and accounted for 16.6% and 13.0%. As for pyridoxine, the content of meats and fishes was 0.40 mg and 0.22 mg/100 g, respectively. Mushrooms also showed a high content at 0.19 mg/100 g. The estimated daily intake of pyridoxine was 1.44 mg/d and 1.47 mg/d. The pyridoxine intake from meats was 0.32 mg/d and accounted for 22.3% of the total intake, while that from cereals was 0.27 mg/d and accounted for 18.7%.
The daily intake of niacin, vitamin B 12 , folic acid, pantothenic acid, riboflavin and pyridoxine from the respective food groups estimated by TDS was compared with that reported by the National Health and Nutrition Survey in Japan, 2006. There was a high correlation for these vitamins (Fig. 1a-f) . There was an especially strong positive correlation between the estimated daily intake of niacin ( r ϭ 0.927, p Ͻ 0.01), vitamin B 12 ( r ϭ 0.991, p Ͻ 0.01) and pantothenic acid ( r ϭ 0.983, p Ͻ 0.01) with TDS. The values for daily intake estimated by TDS for niacin and pyridoxine were higher than those by the National Health and Nutrition Survey in Japan in all 18 food groups. However, the daily intake of folic acid and riboflavin estimated by TDS was lower than that indicated by the National Health and Nutrition Survey in Japan.
The biotin contents of eggs and nuts and seeds were 29.9 and 15.4 g/100 g, respectively, which were higher than those of other food groups ( Table 2 ). The estimated daily intake of biotin was 51.0 g/d for all ages and 52.4 g/d for adults aged 20 y and older. The main source of biotin was eggs and cereals, which were 10.8 g/d and 11.2 g/d, respectively. Biotin intake from these foods contributed more than 40% to the total intake.
DISCUSSION
For adults aged 20 y and older, the daily intake of seven B vitamins estimated by TDS were compared with the dietary reference values (RDA or AI) for adults aged 18-29 y old indicated by DRI for Japanese, 2010 ( 22 ) . The estimated daily intake of 4 vitamins, namely niacin, biotin, vitamin B 12 , pyridoxine and niacin, examined in this study exceeded the dietary references. The estimated daily intakes of niacin and vitamin B 12 were 23.3 mg NE/d and 7.63 g/d, respectively. These were much higher compared with the 15 mg NE/d for men and 11 mg NE/d for women from RDA for niacin and 2.4 g/d for vitamin B 12 in RDA. The estimated daily intake of biotin was 52.4 g/d, which showed a similar value to 50 g/d of the AI for adults. On the other hand, for 3 vitamins, namely folic acid, pantothenic acid and riboflavin, the dietary intakes estimated by TDS did not exceed the dietary reference values selected in Japan. The estimated dietary intake of folic acid was 150.7 g/d, which was markedly lower compared with 240 g/d of RDA.
Regarding the daily intake estimated by TDS, it is reported that estimated daily intake of water-soluble vitamins in Japan was 1.16 mg for thiamin, 1.10 mg for riboflavin and 4.8 mg for niacin in the Kinki district. In Metropolitan Tokyo in 1999, the estimated daily intake of biotin, niacin and pyridoxine was 45.1 g/d, 16.0 mg NE/d and 1.26 mg/d, respectively ( 8 ) . These TDS values in the Kinki district and Metropolitan Tokyo were slightly different from those estimated by TDS in the present study. This difference may be related to the classification of food groups used by TDS. The TDS in Metropolitan Tokyo conducts vitamin determination by classifying foods into 13 food groups. However, as the foods were classified into 18 food groups in this study, the vitamin determination was performed based on foods with a similar composition of nutrients. The 18 food groups were divided by the nutritional characteristics of foods, but the 13 food groups were divided by the biochemical characteristics of the foods. The 13 food groups are very convenient for analyzing the environmental and agricultural chemicals in foods. However, in the classification of the 13 food groups, some foods containing large amounts of a certain vitamins may easily influence the mean for the food group. Furthermore, the kind of food used for analysis differed between these studies because a variety of different foods were classified into either 13 or 18 food groups. These facts may partly explain the differences in analytical values of estimated daily intakes between the 13 and 18 food groups.
For niacin (22.8 mg NE), vitamin B 12 (7.39 g), pantothenic acid (4.52 mg), riboflavin (1.06 mg), and pyridoxine (1.44 mg) (11, (23) (24) (25) (26) , the estimated vitamin contents obtained by TDS were the same as those of other dietary surveys. Hoppner et al. (27) reported that the prepared diet provided 14.8 g of vitamin B12 and 6.07 mg of pantothenic acid in Canada. In NHANES II, it was estimated that the average US intake of niacin, pantothenic acid, riboflavin, and pyridoxine was 15.2 mg, 3.56 mg, 1.41 mg, and 1.25 mg, respectively (28) . Furthermore, the pyridoxine intake was 0.91 mg/ d in duplicate meals and 1.12 mg/d according to dietary records kept by young Japanese women (26) . As for folic acid, the daily intake was estimated to be 145.5 g by TDS in this study. The daily intake of folate was 242 g for all adults in the US according to NHANES II (29) , and 190.6 g for folic acid by 3-d dietary records in young Japanese women (23) . The estimated daily intake of folic acid by dietary records was lower than that contained in the actual meals. In dietary records, daily intakes are calculated using the Food Composition Tables in Japan. It was demonstrated that the folic acid content of foods listed in these Tables is relatively low. However, these findings show that the dietary intake of folic acid from meals ranged from 150-250 g/d.
As for the daily intake of biotin in Europe and America, Hoppner et al. (27) first demonstrated that the composite diet formulated on the basis of food consumption in Canada provided 60 g/d by analysis and 60.2 g/d by calculation (Table 3 ). The estimated intake of biotin was 39.9 g/d in 966 women between the ages of 18 and 24 y from 24-h dietary recall, according to data collected during NHANES II (28 (30) . Two methods based on the 13 and 18 food groups were used with TDS. The dietary intake of biotin by TDS of the 13 food groups was 45.1 g/d in the Tokyo Metropolitan area (8) . TDS of the 18 food groups (2005) in our previous study showed 51.1 g/d for all age groups (31) . Furthermore, the biotin intake in the Food Group Calculation Study was estimated to be 54.5 g/d for adults. These values were similar to those in the present study. Murakami et al. (32) more recently demonstrated that the estimated daily intake of biotin by TDS of the 13 food groups was 70.1 g/d in Osaka City, which was about 1.5 times higher than that in the present study.
The estimated daily intake of biotin by TDS of the 18 food groups ranged from 45-55 g/d and was higher than 55 g/d among the ages of 15-19 y and 50-59 y. The biotin intake was derived from cereals, eggs, seasoning and spice in both groups. Cereals accounted for 22.0% of the dietary intake in all age groups and eggs accounted for 21.1%. Lewis and Buss (33) reported that the average intake of biotin was 35 g/d in British households, and that eggs and milks accounted for more than 50% of the biotin intake. Furthermore, the biotin intake from meats and eggs by TDS of the 13 food groups accounted for 30.8% overall in Tokyo and 50.2% in Osaka (8, 32) . Eggs contribute highly to biotin intake, but liver, which is rich in biotin, did not contribute very much.
The daily intakes of niacin, vitamin B12, folic acid, pantothenic acid, riboflavin and pyridoxine calculated by TDS were compared with those by the National Health and Nutrition Survey in Japan, 2006. A high positive correlation between the two dietary studies was found for these six B vitamins in this study. Based on these findings, it is suggested that TDS is an effective method of dietary survey for estimating daily vitamin intake. The estimated daily intake of biotin could be determined by TDS. It is recommended that when the intake of agricultural chemicals and environmental contaminants is surveyed, the intake of micronutrients such as vitamins and minerals should also be determined at the same time. 
